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Conventional  single  tooth  implant  restorations  can  be  unesthetic  at  the  gingival  level  if 
they  exhibit  metal  collars  or  are  limited  by  the  cylindrical  shapes  of  the  implants.  Important 
mechanical  properties  of  novel  restorations  with  more  esthetic  features  are  unknown.  The 
purpose  of  this  investigation  was  to  determine  the  elastic  limit  and  mode  of  failure  for  four  types 
of  esthetic  single  tooth  implant  restorations  and  to  determine  the  fatigue  performance  of  these 
restorations.  CerAdapt  (CA),  CeraOne  (CO),  and  two  types  of  non-segmented  cast  titanium 
restorations  (MC  and  MA)  were  first  subjected  to  dynamic  loading  to  failure  with  an  Instron 
machine.  Four  more  groups  were  subjected  to  cyclic  fatigue  loading  for  10®  cycles.  For  dynamic 
loading,  the  elongation  at  break  was  significantly  lower  for  the  all  ceramic  restoration  (CA); 
there  were  no  other  statistically  significant  differences.  CA  failed  catastrophically  in  the  ceramic; 
all  others  failed  in  the  abutment  screw.  For  cyclic  loading,  all  four  groups  withstood  10®  cycles. 
The  low  fusing  ceramic  used  for  the  cast  titanium  restorations  exhibited  a  high  incidence  of 
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crazing.  After  cyclic  loading,  the  cast  titanium  restorations  with  margins  coronal  to  the  implant 
table  (MC)  were  significantly  more  mobile  than  the  other  three  groups.  The  unique  cast  non- 
segmented  restorations  presented  in  this  study  (MA)  demonstrated  comparable  mechanical 
characteristics  to  the  prefabricated  restorations.  Additional  work  needs  to  be  done  to  improve  the 
durability  of  low-fusing  porcelain  for  titanium  application.  Extending  the  margin  of  a  cast  non- 
segmented  restoration  to  the  apical  edge  of  the  implant  table  allows  more  distance  to  create  a 
natural  emergence  profile  in  the  esthetically  critical  anterior  region  of  the  mouth. 
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I.  INTRODUCTION  AND  LITERATURE  REVIEW 


The  replacement  of  missing  anterior  teeth  has  challenged  the  ingenuity  of  dental 
practitioners  since  the  time  of  the  Etruscans,  who  used  ox  teeth  riveted  to  gold  straps  to  restore 
missing  incisors  (Ring,  1986).  Modem  dentistry’s  solution  to  this  problem  for  the  better  part  of 
this  century  has  been  fixed  and  removable  prosthodontics  and  occasionally  orthodontics.  The 
use  of  osseointegrated  dental  implants  was  introduced  to  North  America  in  1982  (Branemark  et 
al,  1985).  Originally  designed  for  completely  edentulous  patients,  endosseous  implants  are  now 
used  to  reliably  replace  single  tooth  edentulous  spaces  (Jemt  et  al.,  1991;  Jemt  and  Pettersson, 
1993;  Cordioli  et  al.,  1994;  Ekfeldt  et  al.,  1994;  Anderson  et  al.,  1995).  With  judicious  case 
selection  and  careful  surgical  technique,  osseointegration  is  predictable.  The  emphasis  has  now 
shifted  to  achieving  optimal  esthetic  results. 

Single  tooth  implant  restorations  have  evolved  from  prostheses  with  unsightly,  metallic, 
barrel  shaped  roots  to  the  current  generation  of  very  natural  looking  tooth  replacements. 
However,  the  main  problem  associated  with  current  anterior  restorations  is  their  tendency  to  be 
unesthetic  at  the  gingival  level.  These  restorations  sometimes  exhibit  metal  collars  or  are 
limited  by  the  cylindrical  geometries  of  the  implants  (Fig.  1).  Human  incisors  have  variable, 
individualized  cervical  cross  sectional  shapes  that  can  range  from  ovoid  to  rectangular  with 
rounded  comers. 

In  select  cases  it  is  possible  to  fabricate  implant  restorations  that  take  advantage  of  a 
greater  portion  of  the  implant  by  extending  beyond  the  coronal  edge  of  the  implant  table  (Figs.  2 
and  3).  This  allows  a  more  natural,  individualized  emergence  profile.  Titanium  casting  and 

electric  discharge  machining  (Schmitt  et  al.,  1995)  can  be  used  to  fabricate  these  restorations. 

1 


2 


Figure  1.  Placement  of  a  prefabricated  abutment  (1mm  collar)  in  a  patient  with  a  high  smile 
line. 
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A.  Electric  Discharge  Machining 

Electric  discharge  machining  (EDM)  has  been  used  in  industry  for  over  five  decades 
(Seman,  1975).  Within  the  past  15  years,  EDM  technology  has  been  used  in  dentistry  for  fixed 
and  removable  prosthodontics  and  more  recently  for  implantology  (Van  Roekel,  1992;  Clark, 
1992;  Linehan,  1994). 

EDM  is  a  method  of  working  with  metals  or  other  electrically  conductive  materials  to 
produce  spots  of  extremely  high  temperature  via  an  intermittent  electric  arc.  This  cyclic  process 
removes  minute  particles  of  the  workpiece  at  rates  of  up  to  250,000  hertz.  Because  it  is  difficult 
to  produce  a  micron  level  fit  of  castings  using  the  lost  wax  technique,  EDM  was  used  to  refine 
the  intaglio  surfaces  of  the  ceist  restorations  used  in  this  project. 

B.  Dynamic  Loading 

As  with  many  types  of  dental  restorations  such  as  composites,  amalgams,  posts  and 
crowns,  single  tooth  implant  restorations  have  been  subjected  to  dynamic  loading  to  derive  stress 
information  for  strength  comparisons  (Kishomoto  et  oL,  1983;  Brandal  et  al,  1987;  Reeh  and 
Douglass,  1989;  Sorensen  and  Engelmzin,  1990;  Trope  and  Tronstad,  1991).  Because  the  single 
tooth  implant  restoration  is  relatively  new,  its  dynamic  loading  comparison  data  is  limited. 
McGlumphy’s  group  (1992)  determined  that  the  CeramiCore  (an  all  ceramic  restoration— the 
forerunner  of  the  CerAdapt)  failed  at  274  N  when  loaded  in  a  45  degree  test  fixture.  Knode  and 
Sorensen  (1992)  found  that  the  CeramiCore  failed  at  117  N  when  loaded  in  a  30  degree  test 
fixture.  The  failure  data  on  the  CeraOne  (a  prefabricated,  titanium  and  ceramic  restoration) 
ranges  from  198  N  (Knode  and  Sorensen,  1992)  to  470  N  (Tripodakis  et  al.,  1995).  Both  studies 
used  a  30  degree  test  fixture.  The  UCLA  (a  non-segmented  cast  metal  ceramic  restoration) 
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Figure  3.  Two  variations  of  the  cast  titanium  restoration.  The  right  half  of  the  diagram 
shows  that  the  margin  can  begin  apical  to  the  table  in  cases  where  the  screw  threads  are 
exposed  and  more  distance  is  required  to  obtain  an  esthetic  result.  The  margin  can  originate  at 
the  coronal  portion  of  the  table  (left  half)  similar  to  a  UCLA  restoration  when  the  bone  is  at 
this  height. 
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failure  data  ranged  from  approximately  198  N  at  30  degrees  (Knode  and  Sorensen,  1992)  to  316 
N  at  45  degrees  (McGlumphy  et  al.,  1992). 

This  information  is  useful  for  designing  a  fatigue  study.  During  mastication,  a  cyclic 
load  is  applied  to  restorations  resulting  in  deformation.  As  long  as  the  load  does  not  exceed  the 
elastic  limit  of  the  restoration,  the  restoration  will  return  to  its  original  form  (Jaarda  et  al.,  1995). 
For  the  purposes  of  this  investigation,  the  four  types  of  esthetic  single  tooth  implant  restorations 
were  subjected  to  dynamic  loading  to  determine  their  approximate  elastic  limits. 

C.  Cyclic  Fatigue 

Metal  fatigue  has  been  studied  for  many  years  and  particularly  in  recent  decades  there  has 
been  a  deluge  of  published  work.  The  earliest  publications  appeared  over  125  years  ago  in 
Britain  with  Wohler’s  classic  experiments  (Maydayag,  1969).  These  set  the  foundation  for  the 
fatigue  testing  of  specimens  and  the  determination  of  S/N  curves.  The  Wohler  or  S-N  diagram  is 
a  plot  of  alternating  stress,  S,  versus  cycles  to  failure,  N.  The  stress-life,  S-N,  method  was  the 
first  approach  used  in  an  attempt  to  understand  and  quantify  metal  fatigue.  It  was  the  standard 
fatigue  design  method  for  over  100  years.  The  S-N  approach  is  still  widely  used  in  design 
applications  where  the  resultant  lives  (cycles  to  failure)  are  long,  such  as  power  transmission 
shafts.  A  long  life  is  considered  over  10^  cycles  (Bannantine  et  al,  1990). 

In  general,  fatigue  is  a  phenomenon  that  takes  place  in  components  and  structures 
subjected  to  time-varying  external  loadings  and  that  manifests  itself  in  the  deterioration  of  the 
material’s  ability  to  carry  the  intended  loading.  The  fatigue  phenomenon  is  thought  to  originate 
in  the  sliding  of  atomic  layers  of  the  material.  This  sliding  is  caused  by  a  combination  of  local 
stress  concentrations  and  dislocations.  It  is  assumed  that  each  slip  corresponds  with  a  small 
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dctcriorstion  of  the  mdterial  structure.  Under  cyclic  stress  conditions  there  is  a  migration  of 
dislocations  that  result  in  localized  plastic  deformations.  Microscopic  cracks  are  created  that 
grow  and  join  together  to  form  major  cracks.  Nucleation  (or  crack  initiation)  and  crack  growth 
are  commonly  regarded  as  the  basic  causes  for  ultimate  fatigue  failure  (Sobczyk  and  Spencer, 
1992). 

The  success  of  a  dental  restoration  is  determined  in  part  by  the  ability  of  the  material  to 
withstand  repetitive  loading.  It  has  been  estimated  that  alternate  stress  fatigue  applications 
during  mastication  amount  to  approximately  300,000  flexures  per  year  (Craig,  1993).  Evaluation 
of  the  long-term  mechanical  behavior  of  new  types  of  dental  restorations  in  clinical  trials  is  time- 
consuming.  A  possible  solution  may  be  found  in  experimental  fatigue  testing,  which  simulates 
accelerated  mechanical  deterioration.  Dental  investigators  have  only  recently  begun  reporting 
the  results  of  various  fatigue  tests  (Huysmans  et  al,  1992;  Gundler  et  al,  1993;  Morgan  et  al, 
1993;  Wiskott  et  al.,  1994;  McComb  et  al.,  1995;  Hasten  et  al.,  1996;  Stegaroiu  et  al.,  1996). 

D.  Occlusal  Forces 

Occlusal  forces  on  teeth  and  prostheses  have  been  measured  by  many  investigators 
(Anderson,  1956;  Helkimo  and  Ingervall,  1978;  Craig,  1993;  Richter,  1995).  Three  different 
occlusal  states  can  be  distinguished  in  terms  of  load  distribution  and  function  of  the  oral  system. 
In  centric  relation  involving  swallowing  and  clenching,  forces  are  transmitted  bilaterally, 
predominantly  to  molars  and  bicuspids.  During  continuous  chewing,  forces  are  usually  directed 
unilaterally  to  the  dentition.  The  third  occlusal  state  is  characterized  by  parafunctional  motion; 
during  grinding  of  the  teeth,  different  centric  or  eccentric  positions  of  the  mandible  with  single  or 
multiple  occlusal  contacts  are  possible.  Loads  applied  to  teeth  or  implants  in  these  situations  are 
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of  abnormal  quality  and  duration.  This  worst  case  scenario  of  parafunctional  forces  was  chosen 
as  the  modality  of  testing  for  this  project.  The  assumption  being  if  the  restorations  can  withstand 
non-axial  parafunctional  loading,  normal  chewing  and  swallowing  forces  will  be  easily  tolerated. 

During  chewing,  the  mean  load  level  for  molars  or  premolars  ranges  between  8  and  50  N 
(Anderson,  1956;  Graf,  1974;  Lundgren,  1984).  The  maximum  bite  force  measured  with  a  bite 
fork  between  two  opposing  teeth  is  about  ten  times  higher.  Richter  (1995)  suggests  that  for 
chewing,  only  a  part  of  the  possible  force  development  is  necessary.  In  general,  the  following 
individual  factors  influence  the  magnitude  of  forces:  dysgnathia  (Molin,  1972),  dentures  in  both 
jaws,  loss  of  teeth  and  aging  (Helkimino  et  al,  1977;  Lassila  et  al,  1985).  Females  and 
dolichocephalic  people  develop  lower  muscle  forces  than  males  and  brachiocephalic  types 
(Ingervall  and  Helkimino,  1978;  Proffitt  et  al,  1983). 

Intraoral  occlusal  forces  applied  to  endosseous  implants  have  been  investigated. 
Haraldson  et  al  (1977),  Lindquist  et  al  (1985),  and  Haraldson  et  al  (1988)  estimated  that  the 
maximum  vertical  forces  on  mandibular  Branemark  endosseous  implants  in  the  premolar 
position  ranges  from  53  N  to  105  N  during  chewing.  Transducers  were  placed  in  upper  dentures, 
actual  forces  to  the  implants  were  by  estimation  only.  According  to  Richter  (1995),  the  most 
accurate  measuring  modality  is  the  use  of  a  force  transducer  in  the  implant  itself  This  technique 
has  been  used  in  an  animal  model  by  Brunski  and  Hipp  (1984)  and  more  recently  in  humans  by 
Setz  et  al  (1989)  and  Glantz  et  al  (1993).  Using  this  technique,  Richter  found  that  implants  in 
the  molar  position  that  were  fixed  to  a  premolar  with  a  prosthesis  withstood  maximum  vertical 
forces  of  60  to  120  N  during  chewing.  Single  molars  and  premolars  carried  maximum  vertical 
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E.  Sin£le  Tooth  Implant  Longevity  Studies 

Single  tooth  implant  restorations  represent  the  most  challenging  application  of  the 
endosseous  implant.  There  are  a  limited  number  of  prospective  and  retrospective  studies.  The 
results  of  these  studies  are  encouraging. 

Jemt  et  al.,  (1990)  reported  the  three  year  results  of  single  implant  restorations  ad  modum 
Branemark.  Sixteen  patients  received  twenty  three  implants  between  June  1983  and  May  1986. 
The  early  restorations  became  unstable  in  the  screw  joints  and  required  retightening.  Sixteen 
became  loose  once  during  the  three  year  observation  period  and  five  became  loose  several  times. 
Fistulas  were  observed  in  association  with  four  of  the  loose  restorations.  The  fistulas  resolved 
after  cleaning  the  components  and  retightening  of  the  abutment  screws.  Two  7  mm  implants 
failed  on  the  same  patient  and  were  removed.  Twenty-one  implants  and  single  crowns  (91%) 
were  in  function  at  the  end  of  the  observation  period. 

In  a  prospective  study  of  40  anterior  single  tooth  restorations  Schmitt  and  Zarb  (1993) 
reported  a  100%  success  rate.  The  implants  were  loaded  from  1.4  to  6.6  years.  Included  in  their 
data  was  the  first  osseointegrated  single-tooth  replacement  in  North  America.  Occasional  screw 
loosening  was  the  only  complication  reported. 

Jemt  and  Petterson  (1993)  reported  on  70  single  tooth  implant  restorations  in  50  patients 
in  a  retrospective  three  year  study.  One  1 3  mm  implant  failed  two  months  after  placement  of  the 
restoration  for  an  overall  success  rate  of  98.5%.  The  long  term  success  of  the  prosthetic 
components  was  not  nearly  as  favorable.  Only  13  of  the  70  restorations  were  free  of 
complications.  Abutment  screw  loosening  occurred  at  least  once  in  45%  of  the  implant 
restorations.  Fistula  formation  (usually  associated  with  screw  loosening)  and  gingival  irritation 
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secondary  to  poor  oral  hygiene  occurred  less  frequently.  Three  teeth  were  devitalized  due  to 
incorrect  implant  placement. 

Cordioli  et  al.,  (1994)  reported  follow-up  clinical  data  on  61  single  tooth  implant 
restorations.  The  mean  loading  period  was  26  months  with  a  range  of  6  to  60  months. 
Mechanical  and  soft  tissue  complications  were  reported  similar  to  the  previous  studies.  The 
overall  success  rate  for  the  implants  proper  was  94.4%. 

The  CeraOne  system  (Nobel  Biocare)  was  developed  to  address  the  problems  associated 
with  abutment  screw  instability  and  esthetics.  Andersson  (1995)  reported  the  results  of  a 
continuing  prospective  study  on  102  single  tooth  restorations  using  the  CeraOne  concept.  The 
implant  success  rate  was  97.3%  at  three  years  and  the  prosthetic  success  rate  was  89%.  The 
prosthetic  complications  were  mainly  traumatic  fractures  of  the  all  ceramic  restorations.  Clearly, 
according  to  this  study,  the  CeraOne  system  avoids  the  complication  of  screw  loosening  and 
associated  fistula  formation. 

F.  Investigation  Objectives  and  Hypotheses 

The  objectives  of  this  study  were  1)  to  determine  the  elastic  limit  and  mode  of  failure  for 
four  types  of  esthetic  single  tooth  implant  restorations  subjected  to  dynamic  loading  and  2)  to 
determine  the  fatigue  performance  of  these  restorations  after  subjecting  them  to  three  years  of 
simulated  non-axial  parafunctional  loading. 

Null  Hypothesis:  The  four  single  tooth  implant  restorations  will  be  equivalent  in  terms  of  their 
elastic  limits,  their  fracture  strengths  and  their  durability  to  cyclic  fatigue. 

Alternative  Hypothesis:  The  four  single  tooth  implant  restorations  will  not  be  equivalent  for  the 
above  three  parameters. 


11.  MATERIALS  AND  METHODS 


A.  Experimental  Plan 

The  purpose  of  this  investigation  was  to  determine  the  elastic  limit,  fracture  strength  and 
fatigue  performance  of  four  anterior  single  tooth  restoration  systems.  The  dynamic  loading  test 
is  similar  to  the  work  of  Knode  and  Sorensen  (1992).  The  fatigue  test  is  based  partially  on  the 
work  of  Libman  and  Nichols  (1995)  and  Binon  (1996)  although  the  fatigue  loading  device  is 
unique  to  this  project. 

Four  groups  of  samples  were  fabricated  to  simulate  a  maxillary  central  incisor  restoration 
(Fig.  4).  I  compared  the  elastic  limit  (yield  load),  fracture  strength  (break  load),  and  fatigue 
durability  of  an  all  ceramic  restoration  with  two  types  of  experimental  cast  titanium-ceramic 
restorations.  A  conventional  titanium-ceramic  restoration  served  as  the  control.  Four  groups  of 
single  tooth  implant  restorations  were  made  for  the  dynamic  load  test  and  four  groups  for  the 
fatigue  test  (n=6)  for  a  total  of  48  restorations. 


B.  Fabrication  of  Wax  Patterns 

A  group  of  UCLA  micro  hex  castable  plastic  abutment  patterns  (Attachments 
International,  Inc.,  San  Mateo,  CA  )  was  augmented  with  #6  green  casting  wax  (Maves, 
Cleveland,  OH)  to  an  axisymetric  4.80  mm  diameter  and  then  modified  to  create  a  ferrule  over 
the  implant  with  wax.  The  margin  ended  at  the  apical  aspect  of  the  implant  table  (Fig.  3).  This 
was  accomplished  by  using  a  sculpting  apparatus  (Philp  and  Brukl,  1984).  Another  group  of 
UCLA  microhex  abutment  patterns  was  augmented  with  wax  to  an  axisymetric 
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Figure  4.  Restoration  groups  from  left  to  right:  Cast  titanium,  apically  extended  margin  (MA); 
Cast  titanium,  margin  at  coronal  aspect  of  table  (MC),  All  alumina  restoration  (CA);  Machined 
titanium  restoration  with  cemented  alumina  cap— control— (CO). 
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4.80  mm  diameter.  The  margin  ended  at  the  coronal  aspect  of  the  implant  table  (Fig  3).  The 
internal  diameter  was  increased  to  2.60  mm  using  a  flat  ended  modified  drill  to  accommodate  a 
2.52  diameter  CeraOne  gold-palladium  abutment  screw. 

C»  Soruing  and  Investing 

Twenty  four  patterns  were  sprued  with  10  mm  lengths  of  6  gauge  sprue  wax  attached  to  a 
sprue  former.  The  patterns  were  sprayed  with  Smoothex  Debubblizer  (Whip  Mix  Corp., 
Louisville,  KY)  and  air  dried.  The  patterns  were  vacuum  invested,  two  patterns  to  a  44.50  mm  x 
40.00  mm  ring  crucible  (Whipmix),  using  the  same  batch  of  alumina-magnesia  investment 
(Titavest  CB,  J.  Morita,  Japan)  according  to  the  manufacturer’s  instructions.  The  rings  were  next 
placed  in  a  warming  oven  at  120°F  for  120  minutes. 

D.  Pattern  Elimination 

Pattern  elimination  was  accomplished  using  Titavest’s  recommended  three  phased 
processing  cycle  in  a  bum-out  oven  (Dentaurum  Co.,  Newtown,  PA).  All  increases  and 
decreases  in  temperature  were  at  a  constant  7°C  per  minute.  In  the  first  phase,  the  temperature 
was  brought  up  to  250°C  and  held  for  20  minutes;  in  the  second  phase  the  temperature  was  raised 
to  830°C  and  held  for  30  minutes;  in  the  third  phase  the  furnace  was  cooled  to  bOO^C  and  held  for 
20  minutes  prior  to  casting. 

E.  Casting 

The  patterns  were  cast  in  commercially  pure  titanium  grade- 1:  Rematitan  Ti-1 
(Dentaurum  Co.,  Newtown,  PA  )  using  a  Castmatic  CM330  argon  pneumatic  casting  machine 
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(Iwatani  Co.,  Osaka,  Japan).  Two  10  gram  ingots  were  placed  on  the  copper  crucible  in  the 
upper  chamber.  The  tungsten  electrode  was  positioned  5  mm  above  the  upper  surface  of  the 
ingot.  The  casting  ring  was  removed  from  the  furnace  and  placed  in  the  middle  of  the  platform 
plate  in  the  lower  chamber  with  its  opening  centered  below  the  chamber  connector.  The  platform 
adjustment  handle  was  then  used  to  raise  the  ring  and  press  it  firmly  into  a  ceramic  gasket  (J. 
Morita)  placed  between  the  ring  and  the  top  of  the  lower  chamber  around  the  connector. 

The  door  was  then  closed,  the  main  switch  was  turned  on,  and  the  START  button  was 
pressed.  Argon  flowed  into  the  upper  chamber  to  purge  the  room  air  from  the  system  while  a 
vacuum  was  being  created  in  the  lower  chamber.  When  the  argon  reached  6.5  psi  the  arc  ignited 
and  melted  the  metal.  After  the  titanium  was  melted  and  held  in  a  molten  state  for  10  seconds, 
the  support  holding  the  crucible  retracted,  the  crucible  tipped  and  the  melt  flowed  into  the  mold. 
When  casting  was  complete,  the  ring  was  removed  from  the  oven  and  quenched  immediately  in 
cool  tap  water.  The  castings  were  divested  with  an  air  hammer,  air  abraded  with  50  micron 
aluminum  oxide  at  25  PSI  to  remove  the  investment  and  then  desprued  using  1.5”  x  0.038”  cut 
off  discs  (Jelenco,  Armonk,  NY). 

F.  Metal  Finishing 

The  castings  were  finished  with  rubber  wheel  abrasives  (Shofu  brown  and  green),  steam 
cleaned  (Belle  de  St.  Clair,  Chatsworth,  CA),  then  air  abraded  with  110  micron  aluminum  oxide 


at  25  PSI  and  steam  cleaned  again. 
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G.  Electric  Discharge  Machining 

Graphite  hexed  implant  analogue  electrodes  were  custom  made  for  this  project  (Saturn 
Industries,  Hudson,  New  York).  The  manufacturer  matched  the  dimensions  of  a  Nobel-Biocare 
3.75  mm  hexed  implant  fixture.  A  10  cm  piece  of  single  strand  22  gauge  copper  wire  was 
attached  to  each  electrode.  The  castings  were  preliminarily  seated  on  the  electrodes  with  a  gold 
abutment  screw  and  the  circuit  was  checked  with  an  Ohm  meter  (model  22-218,  Tandy  Corp., 
Fort  Worth,  TX).  The  casting  and  electrode  were  attached  to  the  ram  of  the  Electric  Discharge 
Machine  (Hansvedt  Engineering  Inc.,  Urbana,  IL).  1.0  ml  of  cyanoacrylate  base  (Zapit,  DVA, 
Corona,  CA)  was  dispensed  with  a  tuberculin  syringe  onto  the  platform  of  the  machine. 

The  ram  was  lowered  until  the  electrode  was  100  microns  from  the  platform.  1.0  ml  of 
cyanoacrylate  accelerator  was  applied  to  the  base  and  allowed  to  set  for  300  seconds.  The  gold 
screw  was  carefully  removed  and  the  ram  was  raised.  The  EDM  clips  were  attached  to  the 
restoration  and  the  holding  tank  was  filled  with  Rustlick  EDM250  dialectric  fluid  (Rustlick 
Products,  Danvers,  MA).  The  external  flushing  port  was  placed  perpendicular  and  10  mm  from 
the  electrode-restoration  junction.  Once  the  electrode  was  beneath  a  volume  of  fluid,  the  casting 
was  brought  within  200  microns  of  electrode  and  the  machine  was  switched  to  the  autolock  mode 
(Fig.  5).  Machining  proceeded  until  the  casting  seated  precisely  on  the  electrode  (coronal  to  the 
table  for  MC  and  apical  to  the  table  for  MA).  Visual  inspection  with  2.5x  loops  were  used  to 
make  this  assessment. 

Based  on  prior  research  (Orraca  et  ai,  1997)  the  machine  settings  were:  peak  current 
0.195  amperes,  on  time  1  microsecond,  flush  time  5  microseconds,  servo  speed  4,  gap  adjust  2, 
and  negative  polarity.  These  settings  provided  an  efficient  metal  removal  rate  with  minimal 
electrode  wear  and  excellent  surface  finish. 
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H.  Porcelain  Apolication 

After  electric  discharge  machining,  the  cast  titanium  abutments  were  steam  cleaned  for  30 
seconds,  air  abraded  (25  PSI,  1 10  micron  aluminum  oxide)  for  10  seconds  then  steam  cleaned  for 
another  10  seconds  and  allowed  to  passivate  10  minutes.  The  titanium  abutments  were  veneered 
with  1 .20  mm  of  Duceratin  low  fusing  porcelain  made  for  titanium  applications  (Ducera  Dental, 
Rossbach,  Germany)  following  manufacturer’s  instructions  for  condensation  sintering  and  firing 
to  form  a  stylized  central  incisor  (appendix).  The  ceramic  system  consists  of  haft-bond,  gold 
bond,  opaque,  dentin,  enamel  and  glaze.  The  sculpting  instrument  was  used  to  obtain 
axisymetric,  identical  restorations  (Fig.  6). 

I.  All  Alumina  Restorations  fCA> 

CerAdapt  (Nobel  Biocare  USA,  Chicago,  IL)  abutments  were  reduced  to  a  4.80  mm 
diameter  with  a  high  speed  handpiece  attached  to  the  sculpting  device.  A  medium  diamond  and 
copious  water  spray  (15  ml/min)  was  used  (Fig.  7).  The  abutments  were  veneered  uniformly 
with  1.20  mm  of  Vitadur  Alpha  porcelain  (Vita  Zahnfabrik,  Bad  Sackingen,  Germany)  using  the 
manufacturer’s  recommended  firing  temperatures  (appendix).  The  sculpting  instrument  was  used 
again  for  porcelain  application  and  final  dimension  refinement. 

J.  Prefabricated  Restorations  (COl 

Six  long  4.80  mm  diameter  ceramic  caps  (Nobel  Biocare,  DCB  128)  were  veneered  with 
1 .2  mm  of  Vitadur  Alpha  porcelain  using  the  sculpting  apparatus  and  fired  at  the  same  schedule 
as  CA.  The  caps  were  cemented  to  titanium  CeraOne  abutments  (Nobel  Biocare,  DC  A  121)  with 
zinc  phosphate  cement  (Mizzy  Incorporated,  Cherry  Hill,  New  Jersey).  During  cementation. 
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Figure  6  Sculpting  device  revolves  symmetrically  around  the  restoration  resulting  in  uniform 
porcelain  application. 
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each  crown  was  held  in  place  for  10  minutes  under  11  pounds  seating  pressure,  as  described  by 
Jorgensen  (1960).  This  was  accomplished  by  using  a  custom  made  cementation  jig.  Volume  and 
viscosity  of  cement  were  controlled  by  standardizing  the  liquid-powder  ratio  using  an  Ohaus 
electronic  E  120  scale  with  a  readability  to  0.001  grams  (Ohaus  Scale  Corp.,  Florham  Park,  NJ). 
All  restorations  were  luted  during  one  laboratory  session  thereby  controlling  the  variables  of 
temperature  and  humidity. 

K«  Restoration  Assembly 

All  restorations  were  attached  to  3.75  x  20  mm  implants  with  gold  abutment  screws 
(DCA  118,  Nobel  Biocare)  using  a  controlled  preload  of  32  Ncm  (Torque  Controller,  Nobel 
Biocare).  The  dynamic  load  group  restorations  were  attached  to  a  stainless  steel  test  fixture 
designed  to  simulate  the  load  angle  of  a  maxillary  central  incisor  in  Angle  class  one  occlusion 
(Reitz,  1972).  For  the  fatigue  test,  the  other  group  of  implants  were  embedded  in  25mm  x  25nim 
X  33mm  acrylic  resin  fixtures  (Sampl-kwick,  Buehler,  Lake  Bluff,  IL).  It  has  been  reported  that 
this  resin  approximated  the  resilience  and  elasticity  of  trabecular  bone  (Binon,  1996).  The 
restorations  were  also  positioned  to  simulate  the  typical  130  degree  angle  between  the  long  axes 
of  the  maxillary  and  mandibular  central  incisors. 

L.  Dynamic  Loading 

Six  restorations  from  each  group  were  loaded  at  1  mm/min.  crosshead  speed  in  air  with 
an  Instron  (Fig.  8).  The  load-deformation  data  were  recorded  on  Test  Works  softwtu'e  (Sintech, 
Research  Triangle  Park,  NC).  After  failure  occurred  (fracture  of  the  restoration)  the  specimens 
were  examined  at  20x  under  a  light  microscope  to  determine  the  location  and  mode  of  failure. 
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Figure  7.  High  speed  handpiece  attached  to  sculpting  device  for  modifying  CerAdapt 
restoration. 
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M.  Fatigue  Loading  Machine 

A  fatigue  loading  machine  was  built  by  the  fabrication  shop  at  Brooks  AFB  specifically 
for  this  research  project  (Fig.  9).  It  cycled  at  75  cycles/minute,  comparable  to  the  rate  of 
mastication  in  humans  (Womer,  1939;  Graf,  1969;  Bates  et  al,  1975;  Mohl  et  al,  1988).  At  this 
rate,  108,000  cycles  can  be  applied  to  the  restoration  in  one  24  hour  period. 

The  machine  was  a  simple  class  3  lever  system  consisting  of  a  beam  and  weight  that 
applies  an  intermittent  load  to  the  test  specimen  (Fig.  10).  It  had  four  loading  stations  and  was 
driven  by  a  Bodine  1/20  HP  motor  (Type  NSY-34R,  Bodine  Electric  Co.,  Chicago,  IL).  The 
lever  arms  were  calibrated  using  the  Instron  machine  (Appendix).  The  machine  had  a  digital 
counter  and  a  microswitch  at  each  sample  station  to  automatically  stop  the  machine  if  a 
restoration  failed. 

Initially  a  pilot  test  was  done  with  load  of  50  Newtons  for  1,000,000  cycles.  This  is  a 
typical  load  applied  to  an  anterior  implant  during  chewing  (Richter,  1995).  The  restorations  were 
still  intact  and  a  load  of  110  N  was  selected— the  maximal  average  force  generated  during 
parafunction  on  an  anterior  implant  restoration  (Bo  Rangert,  Personal  Communication,  1997). 
Prior  to  cyclic  loading,  all  the  restorations  received  a  baseline  mobility  test  with  a  Periotest 
machine  (Siemens,  West  Germany).  All  the  restorations  were  subjected  to  an  intermittent  1 10  N 
force  for  1  million  cycles.  The  moment  arm  developed  at  the  implant-restoration  interface  was 
132  Ncm  (1  ION  X  1.2  cm).  After  the  specimens  were  cycled,  they  were  once  again  tested  with 


the  Periotest  machine. 
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Figure  9.  Fatigue  loading  machine  with  four  loading  stations. 
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N.  Statistical  Management  of  Data 

Data  were  analyzed  by  Analysis  of  Variance  followed  by  Student-Newman-Keuls.  The 
significance  was  set  at  a  =  0.05. 
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III.  RESULTS 


A)  Dynamic  Loading 

The  data  for  yield,  yield  elongation,  and  break  load  are  listed  in  Table  1.  The  yield 
elongation  at  restoration  fracture  was  significantly  lower  for  CA;  there  were  no  other  statistically 
significant  differences.  Although  there  was  not  a  statistically  significant  difference  for  break 
loads,  the  mode  of  fracture  was  different  for  one  of  the  groups.  The  all  ceramic  restorations  (CA) 
underwent  brittle  fracture  (Fig.  11)  whereas  in  the  other  three  groups  the  implants  underwent 
plastic  deformation  prior  to  fracture  of  the  abutment  screws  (Fig.  12). 

B)  Cyclic  Loading 

All  the  restorations  were  intact  after  1,000,000  cycles.  A  statistical  summary  of  the 
Periotest  values  is  shown  in  Table  2.  There  were  no  significant  differences  among  the  restoration 
groups  prior  to  cyclic  loading.  The  MC  group  had  significantly  higher  Periotest  values  than  the 
other  three  groups  after  cyclic  loading.  CA,  MA,  and  CO  were  not  significantly  different  from 
each  other  after  cyclic  loading.  The  porcelain  exhibited  craze  lines  on  58%  of  the  cast  titanium 
restorations  (Fig.  13).  The  all  ceramic  and  control  restoration  groups  did  not  exhibit  any 
porcelain  flaws  (Fig.  14). 
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Table  1.  DYNAMIC  LOAD  MEANS  AND  STANDARD  DEVIATIONS  OF  THE 
FOUR  RESTORATION  GROUPS.  CA=Cer Adapt,  CO=CeraOne 
(Control),  MC=CastTitaniuni  /  Margins  Coronal,  MA=Cast  Titanium  / 
Margins  Apical,  n=6. 


Group 

Yield,  N 

Yield 

Elongation,  % 

Break  Load, 
N 

CA 

576  (61) 

0.56  (0.04) 

578 (58) 

MA 

581 (44) 

1.08  (0.21) 

594 (60) 

MC 

595  (75) 

1.21  (0.23) 

539  (38) 

CO 

580 (69) 

1.19(0.19) 

575  (65) 

Between  group  comparisons  are  by  ANOVA  and  Student-Newman-Keuls. 
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Table  2.  PRE  AND  POST  CYCLIC  FATIGUE  PERIOTEST  VALUES  (PTV). 


Groups 

n=6 

Pre-fatigue  PTV 

mean  +_SD 

Post-fatigue  PTV  mean 

±SD 

Increase 

mean  ±  SD 

Significance  of 

Increase 

CA 

6.0  2.0 

8.2  ±3.2 

2.2  ±  2.4 

0.0401 

MA 

5.3  ±2.4 

10.3  ±3.6 

5.0  ±2.0 

0.0009 

MC 

4.4  ±1.5 

20.0  ±  9.9 

15.6  ±9.4 

0.0048 

CO 

5.6  ±0.7 

6.9  ±1.2 

1.3  ±1.3 

0.0272 

1 .  Significance  of  increase  in  each  group  is  determined  by  the  paired  t  test.  The  p-values  shown 
are  one  tailed  probabilities. 

2.  The  between  group  comparisons  are  by  ANOVA  and  Student-Newman-Keuls:  no  significant 
difference  at  pre-PTV  stage;  MC  is  significantly  higher  than  the  rest  in  post-PTV  readings  as 
well  as  in  the  increase  from  pre-PTV  stage.  The  significance  level  used  is  0.05. 
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Figure  14.  All  ceramic  restoration  lacking  evidence  of  craze  lines  after  10^  cycles  of  fatigue 
loading. 


IV.  DISCUSSION  AND  SUMMARY 


Because  the  single  tooth  implant  restoration  is  relatively  new,  its  dynamic  loading 
comparison  data  is  limited.  One  group  determined  that  the  CeramiCore  all  ceramic  restoration 
(the  forerunner  of  Nobel  Biocare’s  CerAdapt  restoration)  failed  at  274  N  when  loaded  in  a  45 
degree  test  fixture  (McGlumphy  et  ai,  1992).  Others  determined  that  the  CeramiCore  failed  at 
1 17  N  when  loaded  in  a  30  degree  test  fixture  (Knode,  1992).  The  failure  value  for  the  present 
study  was  about  double  McGlumphy’s  and  almost  five  times  that  of  Knode’s.  One  explanation 
for  the  higher  values  may  be  that  the  all  ceramic  system  is  second  generation,  with  improved 
physical  properties. 

The  failure  data  on  the  CeraOne  ranges  from  198  N  according  to  Knode  to  470  N  in  a 
study  by  Tripodakis  et  ai,  (1995).  The  failure  data  for  this  project  were  18%  greater  than 
Tripodakis’s  values. 

The  UCLA  restoration  had  failure  data  ranging  from  approximately  198  N  at  30  degrees 
(Knode)  to  316  N  at  45  degrees  (McGlumphy).  The  results  of  this  study  were  about  47  percent 
higher  than  McGlumphy’s  values.  The  placement  of  the  implant  in  the  block  with  one  thread 
exposed  may  explain  in  part  the  increased  values.  Although  not  reported  in  prior  studies,  this 
placement  position  may  have  resulted  in  greater  deflection  of  the  restoration  prior  to  fracture. 
Prior  bench  studies  placed  the  implant  head  flush  with  the  holding  apparatus  and  used  a  variety 
of  abutment  screw  types.  The  screw  type  variable  was  controlled  in  the  present  study  by  using 
the  same  gold  palladium  screws  on  all  four  restoration  types. 

The  restorations  in  this  investigation  were  axisymetric  cylinders  whereas  the  other  three 
studies  used  tooth  formed  restorations.  The  load  angle  and  restoration  length  variations  between 
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studies  no  doubt  resulted  in  lever  arm  variations  and  consequent  variations  in  moments  of  torque. 
This  would  explain  in  part  the  interstudy  data  variability. 

Although  the  modulus  of  elasticity  of  porcelain  is  moderately  high,  its  tensile  and  shear 
strengths  are  low  compared  to  titanium.  As  a  result,  only  limited  elastic  deformation  of  porcelain 
can  be  tolerated.  This  explains  the  lower  elongation  values  at  break  for  the  all  ceramic 
restoration  group.  The  catastrophic  failure  of  the  restoration  with  no  observed  damage  to  the 
implant  may  in  fact  provide  a  fail-safe  mechanism  for  the  implant  itself. 

When  the  metal  ceramic  restorations  were  subjected  to  dynamic  non-axial  loading,  a 
recurring  pattern  occurred  on  the  load/deflection  curve  (Fig.  15).  This  concurs  with  a  recent 
study  by  Norton  (1997).  First  the  restorations  showed  elastic  deformation,  next  a  gap  would 
form  on  the  tension  side  of  the  abutment-implant  interface  and  the  implant  would  bend.  The  gap 
would  increase  as  the  deflection  increased  and  ultimately  the  screw  would  fracture.  The 
significant  finding  is  that  the  screw  does  fracture;  but  not  before  permanent  deformation  of  the 
implant  itself  This  finding  may  place  some  doubt  on  the  assumption  that  the  gold  abutment 
screw  is  a  fail  safe  mechanism. 

One  might  expect  the  cast  titanium  restoration  with  the  apical  extension  (ferrule)  to 
exhibit  significantly  higher  yield  and  fracture  values  than  the  cast  titanium  coronal  restoration. 
Because  the  implants  plastically  deformed  prior  to  screw  fracture,  it  was  difficult  to  draw  any 
conclusion  about  this  modification  in  the  abutment  geometry.  Perhaps  a  stronger  titanium  alloy 
implant  would  have  aided  in  distinguishing  this  difference. 

Compared  with  dynamic  loading,  cyclic  loading  provides  a  closer  simulation  of  the  forces 
a  dental  restoration  encounters.  Ail  the  restorations  endured  loads  equivalent  to  three  yezus  of 
simulated  parafunctional  tooth  contact.  It  appears  that  a  110  Newton  cyclic  load  applied  to  the 
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four  groups  of  implant  restorations  is  below  the  fatigue  limit  of  each  system.  Some  engineers 
have  postulated  that  the  fatigue  limit  is  about  one  half  the  elastic  limit  of  many  metal  alloys 
(Dieter,  1961;  McClintock  and  Argon,  1966).  If  this  held  true  for  the  test  restorations,  a  force  of 
about  250  Newtons  would  lead  to  fatigue  fracture.  More  research  is  required  to  answer  this 
question;  however,  forces  in  this  range  are  welt  beyond  the  normal  forces  encountered  by 
anterior  single  tooth  implant  restorations. 

A  pilot  test  showed  that  the  restorations  did  not  fracture  after  one  million  cycles 
therefore,  Periotest  values  were  taken  before  and  after  cyclic  loading  to  make  an  objective 
assessment  of  any  changes  in  the  restoration’s  mobility  (May  et  al,  1997).  The  Periotest  device 
resembles  a  handpiece  with  a  sensor  rod  at  its  tip.  When  the  rod  is  activated  it  taps  on  the 
restoration  16  times  in  4  seconds.  The  sensor  measures  the  amount  of  time  the  rod  is  in  actual 
contact  with  the  surface.  The  16  measurements  are  measured  in  milliseconds  and  are  converted 
to  Periotest  values  which  range  from  -  08  to  +  50. 

The  reason  the  apically  extended  restorations  showed  less  post  cyclic  mobility  may  be 
related  to  the  ferrule  effect.  The  apical  margin  extension  moves  the  center  of  rotation  apically 
and  provides  an  additional  vertical  wall  to  stabilize  the  abutment-implant  interface. 

The  main  reason  that  the  experimental  cast  titanium  restorations  (MC)  showed  Periotest 
values  different  than  the  control  is  most  likely  due  to  the  loss  of  preload  secondary  to  screw 
settling.  The  ability  of  a  screw  joint  to  obtain  and  maintain  an  adequate  preload  is  dependent  in 
part  on  fit.  Debris  and  casting  inaccuracy  can  negatively  influence  fit.  One  way  to  overcome 
this  problem  is  to  use  wire  EDM  to  refine  the  internal  portion  of  the  abutment.  The  application 
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Figure  15.  Load  versus  deflection  graph  representing  test  specimens.  Y=  yield  (ASTM 
definition:  first  occurrence  of  an  increase  in  strain  without  an  increase  in  stress  resulting  in  a 
zero  slope).  F  =  load  at  fracture. 
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of  this  use  of  EDM  is  being  examined  in  ongoing  research.  Another  solution  is  to  have  a 
castable  plastic  pattern  designed  to  accommodate  the  CeraOne  gold  screw. 

The  durability  of  the  low  fusing  ceramic  was  examined.  Of  the  twelve  cast  titanium 
restorations  subjected  to  cyclic  loading  only  42  percent  exhibited  porcelain  with  no  flaws.  The 
flaws  consisted  mainly  of  vertical  craze  lines  with  some  horizontal  interconnecting  lines. 
However,  there  was  no  actual  loss  of  porcelain  from  the  restorations.  In  general,  the  restorations 
from  the  MA  group  exhibited  craze  lines  on  the  loading  side  near  the  base  of  the  restoration 
whereas  the  MC  group  exhibited  craze  lines  on  the  side  opposite  of  the  load  near  the  base  of  the 
restoration.  Extrapolating  this  to  a  clinical  situation,  the  apically  extended  restoration  showed 
craze  lines  on  the  lingual  of  the  restoration  whereas  the  coronal  restoration  exhibited  craze  lines 
on  the  facial  of  the  restoration.  Facial  crazing  would  be  leSs  desirable  clinically.  To  assess 
whether  the  craze  lines  originated  in  the  ceramo-metal  junction  or  in  the  porcelain  itself  requires 
further  study.  The  apically  extended  group  had  only  two  defective  restorations  out  of  six 
whereas  the  coronally  extended  restorations  had  craze  lines  in  five  of  the  six.  The  reason  for  this 
difference  is  not  clear  but  it  may  be  related  to  the  location  of  the  center  of  rotation  at  the 
abutment-implant  interface. 

The  lower  modulus  of  elasticity  of  commercially  pure  titanium  compared  to  ceramics 
may  explain  in  part  the  reason  for  the  high  incidence  of  ceramic  flaws.  In  addition,  increased 
amounts  of  metal  ions  are  used  in  low  fusing  ceramic  to  break  up  the  silica  chains.  This  results 
in  a  less  durable  ceramic.  Incidentally  the  control  restorations  and  the  all  ceramic  restorations 
displayed  no  fracture  or  crazing.  These  restorations  used  conventional  alumina  which  exhibits 
higher  strength  but  lower  translucency.  Obviously,  the  apically  extended  restoration  (MA)  can 
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be  cast  in  traditional  ceramo-metal  and  veneered  Nvith  conventional  ceramic.  This,  in  theory, 
should  overcome  the  incidence  of  craze  lines. 

The  results  of  this  study  differ  greatly  from  a  previous  clinical  study  of  low  fusing 
porcelain  to  cast  titanium  crowns  and  fixed  partial  dentures  (Kaus  et  al,  1996).  The  authors 
determined  a  survival  probability  of  .85  for  single  crowns  and  .59  for  fixed  partial  dentures  over 

a  21  to  41  month  follow-up  period.  Survival  was  defined  as  lack  of  chipping  or  crack  lines  in  the 
ceramic. 

One  large  advantage  of  the  cast  titanium,  EDM  refined  restorations  is  the  potential  cost 
savings  per  unit  produced.  Titanium  is  an  inexpensive  material  and  the  non-segmented  design 
obviates  the  need  to  purchase  several  prefabricated  components.  One  disadvantage  however,  is 
the  start  up  costs  for  the  equipment. 

Conclusions  and  Summary 

Within  the  limits  of  this  study  the  following  conclusions  were  drawn: 

1.  Under  dynamic  loading  conditions,  the  all  ceramic  restoration  failed  catastrophically  in  the 
ceramic;  the  other  three  restorations  failed  in  the  abutment  screw. 

2.  For  the  cast  titanium  and  machined  titanium  restorations  the  implant  plastically  deformed 
prior  to  ultimate  failure  of  the  abutment  screw. 

3.  All  four  restoration  types  can  withstand  normal  anterior  biting  forces  but  caution  is  advised 
in  placing  restorations  of  these  dimensions  in  the  posterior  arch  where  biting  forces  could  exceed 
their  yield  strengths. 

4.  All  the  restorations  endured  loads  equivalent  to  three  years  of  simulated  parafunction. 

5.  Extending  the  restoration  margin  apically  resulted  in  a  lower  incidence  of  porcelain  crazing. 
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6.  The  control  and  the  all  ceramic  restoration  (both  prefabricated)  were  superior  to  the 
experimental  restorations  in  terms  of  post  cycling  mobility  and  incidence  of  minor  porcelain 
flaws. 

In  summary,  dynamic  loading  of  the  modified  restorations  exhibited  similar  strength 
characteristics  as  the  controls  while  providing  the  advantage  of  recoverability  and  improved 
esthetic  potential.  Improved  esthetics  are  obtained  by  extending  the  porcelain  apically  and 
creating  individualized  emergence  profiles  that  simulate  tooth  root  forms.  Although  the 
porcelain  did  not  fracture  off  the  restorations  after  three  years  of  simulated  function,  the  presence 
of  craze  lines  calls  into  question  the  durability  of  the  ultra-low  fusing  porcelain  recommended  for 
use  in  cast  titanium  restorations.  More  work  needs  to  be  done  to  enhance  the  durability  of  ultra- 
low  fusing  ceramics.  This  study  in  conjunction  with  future  studies  should  aid  in  the  development 
of  cast  titanium  implant  restorations  that  are  natural  in  appearance,  are  inexpensive  to 
manufacture,  and  are  able  to  withstand  the  rigors  of  the  oral  environment. 


APPENDIX 


40 


Dynamic  Load  Test:  Raw  Data 


Restoration 

CA 

Yield  Load  (N) 

Elongation  at 
Yield  (mm) 

Break  Load  (N) 

1 

490.328 

0.522 

487.973 

2 

617.721 

0.64 

613.109 

3 

668.469 

0.576 

652.708 

4 

572.619 

0.552 

567.62 

5 

556.951 

0.535 

542.95 

6 

552.646 

0.562 

602.623 

mean 

576.456 

0.565 

577.831 

SD 

60.909 

0.041 

58.071 

497.236 


597.112 


574.864 


601.232 


586.923 


625.641 


522.723 


572.301 


573.593 


703.284 


586.367 


606.727 


mean 

580.501 

1.078 

594.166 

SD 

44.157 

0.215 

60.218 

492.641 


524.514 


655.775 


667.661 


651.506 


576.619 


522.016 


.993 

493.621 

.983 

510.112 

591.313 


543.391 


572.624 


mean 

594.786 

1.206 

538.846 

SD 

74.765 

0.226 

37.599 

533.81 

0.997 

532.932 

492.027 

1.011 

473.463 

690.751 

1.204 

662.059 

607.018 

1.503 

603.066 

599.986 

1.294 

600.051 

554.623 

1.115 

579.604 

mean 

579.702 

1.187 

575.195 

SD 

69.154 

0.192 

64.954 

Periotest  Values:  Raw  Data 


Restoration 

Type 

Sample 

Number 

Pre  Cyclic  Fatigue 
Values 

Post  Cyclic  Fatigue 
Values 

CA 

I 

6.  7,  8. 6, 6 

6, 6,  6,  5,  5 

2 

5.  6,  6,  6, 6 

II,  12,  13,  13,  12 

3 

4, 4,  3. 4.  5 

6, 6,  6.  6,  5 

4 

4. 4.  3. 4.  5 

5.  5,  6, 6, 6 

5 

10,9,  10,9,9 

12,  12,  12,  13.  12 

6 

6,  6,  8,  6, 6 

8,8,8,7,8 

MA 

1 

7.  7,  8, 9,  7 

16,  15.  16,  16,  16 

2 

3.3,2,  3.2 

6,  5,  6.  6,  6 

3 

7.  7,  5,  8,  7 

10,  10,  10,  10,  10 

4 

8,  .8,  6,  8. 9 

12,  13,  14,  14.  13 

5 

4,  5,  4. 4, 6 

8.  8,  8.  8. 9 

6 

2.  3.  3,  3,  2 

9,9, 9,9,9 

MC 

I 

5,  5,  5.  5.  3 

26,  26,  26,  25,  26 

2 

3. 2,  3,  3.  1 

22,  23,  22, 23. 23 

3 

6,  6,  6,  7,  6 

20,  22,  22,  23,  23 

4 

5,  5,  5,  5.  5 

14,  13,  16,  16,  16 

5 

5,  6,  5,  6,  5 

30,  32,  30,  34,  32 

6 

2,3,4,4.2 

,3,3,3,3,3 

CO 

1 

7.  5,  5,  5. 6 

8,  8,  9,  8,  8 

2 

5,  ,5,  5, 6,  6 

7.  7,  7,  7,  7 

3 

7,  6,  6,  5,  6 

8,  8,  7.  8,  8 

4 

5,  4,  4,  4,  4 

6,  6,  6, 6, 6 

5 

5,  7,  6,  6.  6 

7,  7.  8.  8,7 

6 

6, 6,  6,  6,  7 

5,5,5,5,5 
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Calibration  of  Cyclic  Fatigue  Machine  (Instron,  1  KN  Load  Cell) 


Weight  (values  in  grams 

Force  at  Load  station 

includes  arm  weight) 

in  newtons  +/-  IN 

Arm 

27 

125 

38 

250 

50 

375 

62 

500 

74 

625 

86 

750 

98 

1000 

110 

1125 

122 

Formula:  for  every  125  grams  add  12  newtons  of  force. 
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Duccratin  Porcelain  Firing  Chart 


ceramic 

final  temp  ’C 

predrying 
time  (min) 

heat 

rate  (min) 

holding 
time  (min) 

vacuum 
time  (min) 

Drying 
lift  (min) 

Haftbond 

830 

3 

1 

3 

Goldbond 

755 

3 

6 

1 

6 

Washbake 

755 

3 

6 

1 

6 

. 

Opaquebake 

720 

3 

6 

1 

6 

Dentinebake 

710 

9 

r  6 

1 

6 

5 

Glaze 

700 

5 

6 

2 

- 

- 

The  basic  temperature  for  all  cycles  was  SOOT. 


Vitadur  Alpha  Porcelain  Firing  Chart 


Ceramic 

Final  Temp 
“C 

Predrying 
time  (min) 

Heat  Rate 
(min) 

Holding  Time 
(min) 

Vacuum 
Time  (min) 

Dentin- 

brand 

960 

6 

6 

1 

6 

Korrektur- 

brand 

950 

6 

6 

1 

6 

Glanzbande 

920 

4 

3 

1 

- 

The  basic  temperature  for  all  cycles  was  bOO^C. 
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